The nature of the enamel lamella has been one of the controversial matters in dental histology. The present author is engaged for a long time in this study to throw new light on the diverse points connected with enamel lamella. As the result of his studies, it is believed that his major contribution is in discovering a fact that surface aspects of lamellae (distribution behaviors of lamellae on the crown enamel surface) possess features peculiar to different animal species [ 1 ] . In connection with this, a collaborator of the author revealed in detail that various fishes have different distribution behaviors of lamellae characteristic of their species [ 2 ] . His attempt at histometric study on lamellae reached the conclusion that lamellae of different mammals have their definite sizes in diameter peculiar to their own species, and he pointed out that lamellae are apparently different from enamel tufts in view of locality, this being true of size in particular. In other words, the former's size usually varies according to species to which an animal belongs, while the latter's is always a matter of several microns irrespective of animal species [ 3 ] . As a matter of much interest, the author could observe enamel lamellae also in the crown enamel of the tooth from an ovarian dermoid cyst [ 4 ] .
Since 1959, examination have been made of their histological nature through opticaland electron microscopy, and he has revealed in detail by means of the electron microscope that lamella consists of hypomineralized enamel -both of enamel rods and interrod substance of a markedly poor mineralization [5, 6, 7, 8, 9, 10, 11] . On the other hand, irrespective of the genuine lamellae referred to above, the author felt it of much interest to look into validity of the crack theory by GOTTLIEB relative to the nature of the lamella which is in general acceptance. As the result of the experiment, he obtained the following fruits : None of incisors from six hundred and seventy-one domesticated rabbits showed cracks in the enamel while in life but in the post-mortem state cracks in the enamel appeared, with a tendency to gradually increase in proportion to the passage of time. This fact probably indicates that animals may have simpler circumstances in the oral cavity as compared with man who has a wider variety of stresses in the oral cavity because of their variety of foods. However, human teeth are known for being remarkably adaptable to their living conditions. Only extreme physical stresses may have detrimental effects against human teeth. After all, traumatic fractures in the enamel are rare in human beings and are practically non-existent in the rabbits [12] .
In connection with the enamel crack theory by GOTTLIEB referring to the nature of the lamella which is widely accepted by most histologists, the author has recently detected frequent areas corresponding to the dentinal part of the lamella also in the enamel tuft. Even upon a close examination, the so-called dentinal portion of the tuft quite resembles that of the lamella in all respects. The dentinal part of the tuft appears during the preparation of ground sections just in the same manner as that of the lamella. In other words, the so-called dentinal part appears not merely in the lamella but also in the tuft. These details will be taken up in a future paper.
As for the lamellae examined in some kinds of rodents, animals belonging to rodentia always show none of lamellae in their incisors immediately after their decapitation [12] . Based on this fact, the animals having enamel can be divided into two groups : One group has lamellae in all of its teeth, while the other lacks lamellae altogether either in all of its teeth or only partially in the incisors. The author attempted to classify animals as being either lamella-positive or lamella-negative [13] .
As a part of a series of his comprehensive studies regarding the lamella, the author has attempted in this paper to measure diameter of cracks in the enamel, since there is not available any published measurement result on the diameter of enamel crevices.
The significance of his study here consists in an investigation into opinion expressed by GOTTLIEB that enamel lamella is cells themselves from the enamel organ which invaded and filled a crack in the enamel generated in the process of enamel formation and at last hornified there [15] , and a comparison is effected between measurement on the diameters of lamellae as already reported by the author [ 3] and those of enamel crevices. As a consequence, a great measure of difference is noticed between the two sets of measurement. No similarity is found between them altogether. Therefore, the contention of the author is in direct conflict with that of GOTTLIEB. The following gives a summary of his study on the subject.
Materials and Method
As experimental materials, use was made of normally grown permanent teeth of cat (Fells domestica), man (Homo sapiens), ape (Simla) and cattle (Bos taurus) free from any defect owing to caries. Save for human teeth, the rest of samples were prepared in the jaw bone immediately after being put to death. That is, they were subjected, in block, to a staining devised by the author [14] which is capable of bringing out a difference between lamella and enamel tuft. On the other hand, human teeth were easily extracted from the patients of severe alveolar pyorrhea, in which process an elevator instead of forcep was employed to obtain the pulp-vital teeth by merely separating the parodontal tissues from the tooth roots. The teeth thus extracted were stained in the same manner as that of other animal teeth samples. These four kinds of animal teeth after a block staining had been left in a 10 percent formalin solution for about two years, after which period the transverse ground sections were prepared from the crown portions. For microscopy, the section which was placed on an object glass was given a drop of Canada balsam and covered with a cover glass. Under the optical microscope, only genuine lamella was impregnated with silver against the background of semi-transparent normally mineralized enamel, while both enamel tufts and cracks appeared clouded in a whitish hue. But it was not difficult to distinguish one from another because of their respective orientations. That is, while enamel cracks ran from the outer surface of the enamel toward or to the inner layers, enamel tufts reversely ran from the dentino enamel junction toward the outer surface of the enamel, there being no connection between tufts and outer enamel surface. The tufts extend from the dentino enamel junction approximately 1/4 to 1/2 of enamel diameter.
In this study, measurement was taken of enamel cracks by means of an ocular micrometer that was attached to the microscope. The materials and methods of staining and measurement used here are the same as those used in connection with his earlier measurement of diameter sizes of lamellae [ 3 ] . The measurement values of this earlier work are referred to here for comparative purposes.
Results Table 4 gives measurement readings on the enamel crevices of permanent teeth in cat, man, ape and cattle. From them one knows that they are closely similar to one another. The diameter sizes of enamel crevices fall within the range of 0.74-1.41 microns and those of enamel lamellae are 5 . 0-85 . 6 microns ( Table 2) , thus indicating a great difference between the both. Accordingly, the lamella is apparently different from the Measurement was further divided into three parts of lamellae outer, middle and deep layers of the enamel, and the maximum reading in that layer was recorded (Tables 1 and 2) .
On the other hand, however, as there was no clear difference of diameter size of TABLE 2 Diameter size of enamel lamellae in 4 kinds of mammals (u) TABLE 3 Items of material used in measurement on diameter of enamel crevices enamel cracks among the layers, it was not practicable to adopt the same threefold division here. Measured values given in Table 4 are those which were arbitrarily measured on one selected spot on the enamel crevices.
Discussion
The diameter sizes of lamellae vary greatly, some being comparatively small while others fairly large. Among the animal teeth examined, cattle lamellae are found to have quite a large diameter size. A careful examination reveals the fact that different diameter sizes of lamellae are peculiar to animal species concerned [ 3 ] . On the other hand, as already mentioned, the average diameter of enamel crevices is anywhere from 1/6 to 1/108 as against that of lamellae and this difference should furnish one of cogent evidences to doubt that lamellae are derived from enamel cracks which cells from the enamel organ filled.
Since the lamella genesis from enamel organ cells filling the enamel crack was propounded by GOTTLIEB, nearly all dental histologists have believed that lamellae are composed of cells from the enamel organ which invaded and filled enamel cracks and that those in the depth degenerate, whereas those close to the surface may remain vital for a time and produce a hornified secondary cuticle in the cleft.
As early as in 1959, the author introduced the electron microscopic technic into the histological elucidation of lamellae and, as a consequence, established lamellae to be merely imperfectly mineralized area in the enamel. Thus it has been made clear that lamellae are made of hypomineralized enamel rods and interrod substance. These findings are based on the electron micrographs which have been since published.
At this time, it is still a deplorable fact that no researcher pursues a histological observation of lamellae electron microscopically, the optical microscope being yet predominantly used. Working with the optical microscope, one is apt to have recourse to his subjective judgment as lamellae are quite a minute tissue. This situation is made far worse by the fact that teeth which are extracted or devitalized by some other means will gradually generate cracks in the enamel following the necrosis of dental pulp. This was made clear four years ago by the present author in joint efforts with his associate in an experiment where 671 rabbits were used [12] . In addition to these post-mortem cracks in the enamel, . there are other cracks generated at the time of mechanical extraction by means lamella has no dentinal part as GOTTLIEB and ORBAN claimed. As described above, the present author established electron microscopically that the lamella is composed of both of enamel rods and interrod substance of a poor mineralization and has no dentinal part [5, 6, 7, 8, 9, 10, 11, 18] . As a conclusion, lamellae which GOTTLIEB observed should be rather involved in the category of enamel traumatic fracture or pseudo lamellae, as every tooth has not necessarily such lamellae. Genuine lamellae are found so often, as a rule, in every tooth that they are deemed as a normally existing structure in the enamel.
If the crack theory of GOTTLIEB is acceptable, it should follow that lamellae and enamel crevices will have more or less the same diameter sizes and, conversely, the fact that they have different diameter sizes differing as much as 1/6 to 1/108 lends full support. to the view of the present author that lamellae do not derive from segmentary cells disconnected with the enamel organ which filled cracks in the enamel. Enormous difference in the diameter size between the two has been established by the present study above described. It is to be concluded that the crack theory proposed by GOTTLIEB. can be utterly refuted in the light of the present investigation.
Summary
The diameter sizes of enamel crevices in cat, man, ape and cattle permanent teeth were measured by the use of an ocular micrometer attached to the optical microscope. The crevice diameter sizes of these four kinds of mammals were found to be in the range of 0.74-1.41 microns, closely resembling one another.
On the other hand, the diameter sizes of enamel lamellae in them were in the range of 5.0-85.6 microns and the difference between these two sets of measurement was quite large. Based on the vast difference between the two, the author is inclined to the view that enamel lamellae are an entirely different substance from cracks in the enamel which were invaded and filled by cells from the enamel organ, as has been proposed by GOTTLIEB and long believed by the majority of dental histologists.
